REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


Public  reporting  burden  for  this  coilection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestiws  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503  _ 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

March  1992 _ Magazine  _ _ 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 


Gateway;  Volume  III  Number  1 


SP0900-94-D-0001 


6.  AUTHOR(S) 

Anthony  Cacioppo 
Thomas  B.  Sheridan 
Claire  C.  Gordon 

.T  D^-h-roil" 


7.  PERFORMING  ORGANIZATION  NAME{S)  AND  ADDRESS(ES) 

Human  Systems  lAC 

2261  Monahan  Way,  Bldg.  196 

WPAFB  OH>  45433-7022 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

GWIIIl 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS{ES) 

Defense  Technical  Information  Cntr. 

DTIC/AI 

Cameron  Station 
Alexandria,  VA  22304-6145 

1 1 .  SUPPLEMENTARY  NOTES 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 
Free  to  public  by  contacting  the  Human  Systems  lAC . 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  Words) 

This  issue  contains  articles  on  the  following  subjects:  1. Human  Factors:  Quo  Vadis?; 
2,Musings  on  Virtual  Presence,  Telepresence,  and  Model-Based  Decision  Making;  3.ANSUR:  The 
US  Army  Anthropometric  Data  Base;  4. Aircraft  Agility  and  Human  Factors  Integration; 

5. Psyching  Out  Multi-Task  Management; 

jT«,TC.r)-:r.., - - 

- - 


20010125  115 


14.  SUBJECT  TERMS 

Wright  State  University  Human  Factors  Engineering  Virtual 
Environments  Anthropometry  Aircraft  Agility  Workload 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 

NSN  7540-01-280-5500 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


15.  NUMBER  OF  PAGES 

_ 16 _ 

16.  PRICE  CODE 

20.  LIMITATION  OF  ABSTRACT 

UNLIMITED 

Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


VOLUME  III:  NUMBER  1,  JANUARY/FEBRUARY  1992 


cseriacgateway 


PUBLISHED  BY  THE  CREW  SYSTEM  ERGONOMICS  INFORMATION  ANALYSIS  CENTER 


In  this  issue: 

Page 

O  HUMAN  FACTORS: 

QUO  VADIS? 

^  THE  COTR  SPEAKS 

^  LEHER  FROM  THE  EDITOR 

^  CALENDAR 

^  ANNOUNCEMENTS 

OMUSINGS  ON  VIRTUAL 

PRESENCE,  TELEPRESENCE, 
AND  MODEL-BASED 
DECISION  AIDING 

©INTERVIEW  WITH 
THOMAS  SHERIDAN 

glfk  ANSUR:THEUSARMY 
W  ANTHROPOMETRIC 
DATA  BASE 

OAIRCRAF  AGILITY  AND 
HUMAN  FACTORS 
INTEGRATION 


PSYCHING  OUT 
MULTI-TASK  MANAGEMENT 

CSERIAC  PRODUCTS 
AND  SERVICES 


CSERIAC  is  a  United  States  Depart¬ 
ment  of  Defense  information  analysis 
center  hosted  by  the  Armstrong 
Laboratory,  Wright-Patterson  Air 
Force  Base,  Ohio,  and  operated  by 
the  University  of  Dayton  Research 


■«  ■■  -SS 

:  ?  .  . . " 


.  9  .SS-  " 

. 


^  *  L" 


;  ' 

!<8S.  .!!■  .  .  -.v  ' 

t 

•  "f:  .  '  •„ 


^ 


5;\' 


Figure  1.  The  Fritz  and  Dolores  Russ  Engineering  Center  at  Wright  State  University 

Human  Factors:  Quo  Vadis? 

Anthony  Cacioppo 


Oeality  testing  may  be  pain¬ 
ful.  There  comes  a  time 
when  one  must  stop,  intro¬ 
spect,  and  involve  oneself  in  active 
problem  solving.  The  above  may  read 
like  counsel  given  in  a  clinical  setting. 
Perhaps  there  is  an  analogy;  however, 
my  referent  is  the  discipline  of  human 
factors,  human  factors  engineering,  er¬ 
gonomics — call  it  what  you  wish. 

The  recent  spate  of  articles  and 
conference  discussions  dealing  with 
the  image  and  self-identity  of  human 
factors  cannot  be  considered  the  illu¬ 
mination  of  a  new  issue.  I  recall  com¬ 
parable  discussions  as  far  back  as  the 
early  fifties. 
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ably  be  better  advised  to  ask  what  is 
the  role  of  human  factors  in  our  soci¬ 
ety.  I  seriously  doubt  that  one  could 
improve  upon  Dr.  Chapanis’s  descrip¬ 
tions  for  human  factors  and  human 
factors  engineering  provided  in  the 
Summer  1991  issue  of  Gateway.  You 
will  recall  that  Dr.  Chapanis  defines 
human  factors  “...as  a  body  of  knowl¬ 
edge  about  human  abilities,  human 
limitations,  and  other  human  charac¬ 
teristics  that  are  relevant  to  design.” 
Human  factors  engineering  he  defines 
as  “...the  application  of  human  factors 
information  to  the  design  of  tools, 
machines,  systems,  tasks,  jobs,  and 
environments  for  safe,  comfortable, 
and  effective  human  use.” 

Continued  on  page  2 
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Scrutiny  of  both  definitions  reveals 
that  the  operative  word  is  design. 
This  lengthy  introduction  tele¬ 
graphs  the  subject  of  this  paper, 
human  factors  engineering  as  a  design- 
oriented  discipline. 

Before  I  develop  the  above  theme, 
my  simplistic  approach  to  issues  di¬ 
vides  human  factors  into  two  some¬ 
what  overlapping  domains:  research, 
i.e.,  knowledge  generation;  and  engi¬ 
neering,  i.e.,  designing  and  building 
things.  Regretfully,  as  a  number  of 
patriarchs  of  our  discipline  have  stated 
frequently,  human  factors  research, 
more  often  than  not,  generates  infor¬ 
mation  with  little  application  value  to 
the  practitioner.  There  is  no  need  to 
belabor  the  issue;  the  gauntlet  has 
been  dropped,  let  us  go  about  our 
business  generating  research  that  sup¬ 
ports  the  needs  of  the  practitioner. 

It  is  not  my  intent  to  criticize  the  role 
of  research.  Human  factors,  as  prac¬ 
ticed  by  either  the  psychologist  or  the 
engineer,  is  dependent  upon  the  prod¬ 
ucts  of  research.  Nor  do  I  wish  to 
debate  the  merits  of  being  a  psychol¬ 
ogy-  or  an  engineering-trained  human 
factors  specialist.  I  have  cast  my  die  for 
the  human  factor  specialist  trained  as 
an  engineer.  What  I  would  prefer  to  do 
is  share  my  experiences  in  attempting 
to  develop  a  human  factors  under¬ 
graduate  engineering  program  mod¬ 
eled  within  the  framework  of  classic 
engineering.  A  number  of  degree¬ 
granting  institutions  offer  the 
doctorate  in  industrial/human  factors 
engineering  Cor  industrial/ergonomics). 
The  number  of  engineering  colleges 
granting  the  B.S.  in  human  factors 
engineering  is  limited  to  a  few,  de¬ 
pending  on  the  criteria  used  to  evalu¬ 
ate  the  curriculum. 

In  1986,  the  Wright  State  University 
(WSU)  College  of  Engineering’s  Hu¬ 
man  Factors  Engineering  program  was 
moved  in  the  direction  of  a  classic 
engineering  program.  (The  Fritz  & 
Dolores  Russ  Engineering  Center  is 
shown  in  Fig.  1)  The  curriculum  in¬ 
cluded  a  foundation  built  on  under¬ 
graduate  engineering  courses  which 
were  systems  oriented.  Prior  to  1986, 


all  WSU  College  of  Engineering  pro¬ 
grams  were  designated  “systems.” 
Differentiation  into  the  classic  designa¬ 
tors,  such  as  electrical  engineering  and 
mechanical  engineering,  occurred  in 
that  time  frame. 

Differentiation  of  the  human  factors 
program  so  that  it  might  match  those 
“descriptors,”  which  define  engineer¬ 
ing,  started  in  1986.  It  became  appar¬ 
ent  early  in  our  developmental  process 
that  if  we  were  to  be  an  engineering 
discipline,  we  had  to  play  by  the 
rules  of  the  engineering  profession. 
Engineering  focuses  on  the  creative 
process  of  designing.  The  end  product 
of  our  educational  process  is  the 
graduation  of  qualified  human  factors 
engineers  who  can  take  their  place 
within  the  engineering  design  frater¬ 
nity  and  “hit  the  deck  running.” 
The  human  factors  engineer  must  be 
able  to  impedance  match  with  his 
engineering  peers.  Going  for  the 
graduate  human  factors  engineer  is 
mastery  of  the  quantitative  language 
of  engineering,  access  to  the  tools 
provided  by  undergraduate  mechani¬ 
cal  and  electrical  engineering,  as  well 
as  a  facility  with  computers. 

Mastery  of  the  subjects  common 
to  undergraduate  engineering  curricula 
is  the  price  of  entry  into  the  profes¬ 
sion  of  engineering,  including  human 
factors  engineering.  An  overview 
of  the  required  courses  is  shown  in 
Figure  2. 

The  foundation  for  engineering  is 
advanced  mathematics.  The  WSU  un¬ 
dergraduate  curriculum  mandates  four 
quarters  of  calculus  and  a  course  in 
differential  equations.  Two  quarters  of 
calculus-based  applied  statistics  are 
also  required.  Statics,  dynamics,  fluid 
and  thermodynamics  are  the  standard 
mechanical  engineering  fare.  Special 
attention  is  given  to  our  electrical  engi¬ 
neering  base.  Courses  include  circuits, 
applied  electronics,  linear  systems,  and 
control  theory.  Why  the  emphasis  on 
linear  and  control?  The  techniques 
and  mathematical  tools  made  available 
to  the  student  are  invaluable  in  the 
solution  of  human  factors  engineering 
problems.  No  mention  is  made  of  the 


typical  courses  in  science  taken  by 
engineering  students,  such  as  physics 
and  chemistry.  They  are  assumed. 
Of  the  non-physical  sciences,  courses 
in  perception  and  cognition  are 
also  important. 

From  three  specialty  courses  in  hu¬ 
man  factors  engineering  in  1986,  the 
core  undergraduate  human  factors  of¬ 
ferings  grew  to  eleven.  At  the  sopho¬ 
more  level  we  start  with  an  introduc¬ 
tory  course  in  engineering  psychology. 
The  junior  year  includes  industrial  er¬ 
gonomics,  analytic  methods,  human- 
computer  interface,  and  a  stand-alone 
human  factors  engineering  laboratory 
sequence.  The  senior  year  provides 
courses  in  displays,  systems  models, 
application  to  aerospace,  and  the  three- 
quarter  senior  sequence  in  design. 
Excepting  our  course  in  analytic  meth¬ 
ods,  all  courses  have  an  increment 
dealing  with  design  built  into  them. 

The  capstone  course  for  any  engi¬ 
neering  program  is  senior  design. 
Since  1986,  senior  design  has  evolved 
from  a  one-quarter  to  a  three-quarter 
sequence.  All  students  are  required  to 
engage  in  individual  design 
projects.  The  first  quarter  deals  with 
teaching  the  concept  of  human-cen¬ 
tered  design.  This  quarter,  the  deliver¬ 
able  is  the  student’s  engineering 
notebook  which  shows  the  develop¬ 
ment  of  the  student’s  conceptual  de¬ 
sign.  For  the  second  quarter,  concepts 
from  systems  engineering  and 
analysis  are  taught.  The  student  is  also 
given  an  introduction  into  the 
systems  acquisition  process.  The 
deliverable  again  is  the  engineering 
notebook  with  a  detailed  design, 
including  the  related  engineering 
analysis.  The  final  quarter  permits  the 
student  to  convert  the  design  into 
either  hardware  or  software.  The  en¬ 
gineering  notebook  and  an  engineer¬ 
ing  report  related  to  the  student’s 
project  are  deliverables.  All  students 
are  required  to  give  oral  progress  re¬ 
ports  throughout  the  course  of  the 
design  program. 

I  restate  my  first  sentence:  reality 
testing  may  be  painful.  Throughout 
the  development  of  the  current  hu- 
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man  factors  engineering  curriculum, 
we  have  continually  tested  ourselves. 
Are  the  human  factors  engineering 
courses  appropriate?  Will  course 
content  survive  the  close  scrutiny  of 
our  engineering  peers?  Is  there  a 
market  for  engineering-trained  human 
factors  specialists? 

Let’s  address  the  market  for  the 
undergraduate  engineering-trained 
human  factors  specialist.  Not  only 
is  there  an  industrial  and  commercial 
market  for  the  B.S.  in  Human  Factors 
Engineering,  there  is  a  demand, 
despite  the  current  economy.  Also 


gratifying  is  that  today  the  B.S.  in 
Human  Factors  Engineering  is 
offered  salaries  comparable  to  those 
offered  others  in  the  engineering 
profession.  The  degree  is  competitive. 

Weaknesses  in  our  undergraduate 
program?  Of  course!  There  is  a 
major  gap  in  the  production  of 
human  factors  engineering  teaching 
materials.  There  are  very  few  text¬ 
books  which  qualify  as  engineering 
texts.  Source  materials  are,  in  major 
part,  soft  in  engineering  content, 
which  constitutes  one  of  our 
major  challenges:  integrating  the 


content  of  human  factors  with  engi¬ 
neering  science. 

Human  factors:  Quo  Vadis?  I  per¬ 
sonally  believe  that  human  factors  en¬ 
gineering,  as  I  have  modeled  it  in  terms 
of  academics,  will  be  the  growth  seg¬ 
ment  of  our  profession.  Human  factors 
engineering  did  not  self-invent;  it  de¬ 
veloped  because  it  serves  a  need.  • 

Tony  Cacioppo  is  a  Professor  of  Human 
Factors  Engineering,  and  Chairman  of  the 
Biomedical  and  Human  Factors  Engineer¬ 
ing  Programs,  Wright  State  University,  Day- 
ton,  OH. 


FRESHMAN  REQUIREMENTS 

(53.0  credit  hours-CH;  0.0  design  hours-DH) 


JUNIOR  REQUIREMENTS 

(50.0  credit  hours-CH;  6.5  design  hours-DH) 


CH  DH 

CH 

DH 

01. 

CHM 

121-5.0 

SUBMICROSCOPIC  CHEMISTRY 

28. 

HFE 

307-4.0 

1.0 

INDUSTRIAL  EROGONOMICS  (14) 

02. 

CHM 

122-5.0 

MACROSCOPIC  CHEMISTRY  (01) 

29. 

HFE 

450-4.0 

HFE  ANALYSIS  METHODS  (1 4) 

03. 

ENG 

101-4.0 

ENGLISH  COMPOSITION 

30. 

HFE 

451-4.0 

2.0 

HFE  COMPUTER  SYSTEM  DESIGN  (15) 

04. 

ENG 

102-4.0 

ENGLISH  COMPOSITION 

31. 

HFE 

456-2.0 

1.0 

HFE  LABORATORY  (14) 

05. 

PHY 

250-4.0 

GENERAL  PHYSICS  (07) 

32. 

EE 

301-4.0 

0.5 

CIRCUITS  (21, 22,  33C) 

06. 

PHY 

255-1 .0 

GENERAL  PHYSICS  LA.B  (05C) 

33. 

EE 

302-1 .0 

CIRCUITS  (32C) 

07. 

MTH 

229-5.0 

CALCULUS  1 

34. 

EE 

321-4.0 

1.0 

LINEAR  SYSTEMS  I  (32,  22) 

08. 

MTH 

230-5.0 

CALCULUS  11  (07) 

35. 

EE 

322-3.0 

1.0 

LINEAR  SYSTEMS  II  (34) 

09. 

MTH 

231.5.0 

CALCULUS  III  (08) 

36. 

HST 

101-3.0 

HISTORY  WESTERN  ANCIENT 

10. 

PSY 

105-4.0 

INTRO  PSYCHOLOGY 

37. 

HST 

102-3.0 

HISTORY  WESTERN  TRANSITION 

11. 

PSY 

110-4.0 

INTRO  PSYCHOLOGY 

38. 

HST 

103-3.0 

HISTORY  WESTERN  MODERN 

12. 

CS 

205-4.0 

COMPUTER  LITERACY 

39. 

PSY 

321-4.0 

COGNITION  AND  LEARNING  (10,  11) 

13. 

SOC 

200-3.0 

SOCIAL  LIFE 

40. 

STT 

360-4.0 

APPLIED  STATISTICS  1  (08) 

41. 

STT 

361-4.0 

APPLIED  STATISTICS  II  (40) 

42. 

-3.0 

REGIONAL  STUDIES  ELECTVIE 

SOPHOMORE  REQUIREMENTS 

(50.0  credit  hours-CH;  1 .0  design  hours-DH) 


SENIOR  REQUIREMENTS 

(48.0  credit  hours-CH;  16.5  design  hours-DH) 


CH 

DH 

OH 

DH 

14. 

HFE 

306-4.0 

1.0 

ENGINEERING  PSYCHOLOGY  (MTH  130) 

43. 

BME 

419-3.0 

1.0 

BIOMEDICAL  EGR  SYSTEMS  1  (18,  21 , 56) 

15. 

EGR 

153-4.0 

FORTRAN  PROGRAMMING  (07C) 

44. 

HFE 

431-4.0 

2.0 

HFE  DISPLAYS  (14) 

16. 

EC 

200-3.0 

ECONOMIC  LIFE 

45. 

HFE 

471-4.0 

1.0 

HFE  SYSTEMS  MODELS  (29) 

17. 

ME 

202-4.0 

ENGINEERING  GRAPHICS 

46. 

HFE 

472-2.0 

2.0 

HFE  DESIGN  1 

18. 

ME 

212-4.0 

STATICS  (09) 

47. 

HFE 

473-3.0 

3.0 

HFE  DESIGN  II 

19. 

ME 

213-4.0 

DYNAMICS(05,  15, 18) 

48. 

HFE 

474-2.0 

2.0 

HFE  DESIGN  III 

20. 

MTH 

232-5.0 

CALCULUS  IV  (09) 

49. 

HFE 

476-4.0 

1.0 

AEROSPACE  HFE  (45) 

21. 

MTH 

233-5.0 

DIFFERENTIAL  EQUATIONS  (09) 

50. 

EE 

401-3.0 

1.5 

APPLIED  ELECTRONICS  (32,  33) 

22. 

PHY 

251-4.0 

GENERAL  PHYSICS  (05,  08,  23C) 

51. 

EE 

402-2.0 

APPLIED  ELECTRONICS  LAB  (50C) 

23. 

PHY 

256-1.0 

GENERAL  PHYSICS  LAB  (22C) 

52. 

EE 

413-3.0 

1.0 

CONTROL  SYSTEMS  1  (19,34) 

24. 

PHY 

252-4.0 

GENERAL  PHYSICS  (05,08,  24C) 

53. 

EE 

414-1.0 

CONTROL  SYSTEMS  1  LAB  (52C) 

25. 

PHY 

257-1 .0 

GENERAL  PHYSICS  LAB  (24C) 

54. 

EE 

415-3.0 

2.0 

CONTROL  SYSTEMS  II  (35,  52,  53) 

26. 

PLS 

200-3.0 

POLITICAL  LIFE 

55. 

EE 

416-1.0 

CONTROL  SYSTEMS  II  LAB  (54C) 

27. 

PSY 

371-4.0 

PERCEPTION  (10,  11) 

56. 

ME 

315-4.0 

THERMODYNAMICS  (20,  22) 

57. 

-3.0 

COMPARATIVE  STUDIES  ELEC 

58. 

-3.0 

GREAT  BOOKS  WESTERN  WORLD 

59. 

-3.0 

FINE  AND  PERFORMING  ARTS 

Figure  2.  Course  requirements  for  the  B.S.  degree  in  Human  Factors  Engineering  at  Wright  State  University 
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The  COTR  Speaks 


Reuben  L.  Hann 


®elcome  to  the  January/Feb¬ 
ruary  issue  of  Gateway! 
Our  feature  article  this  time 
is  by  Dr  Anthony  Cacioppo  of  Wright 
State  University  (WSU).  Tony  describes 
the  development  of  an  undergraduate 
human  factors  program  within  the  con¬ 
text  of  an  engineering  discipline. 

Basic  engineering  courses,  such  as 
advanced  mathematics  and  statistics, 
as  well  as  standard  mechanical  and 
electrical  engineering  courses  are  typi¬ 
cal  of  the  requirements  for  the  B.S.  in 
human  factors  engineering  at  WSU. 
Traditional  courses  from  psychology, 
such  as  perception  and  cognition,  as 
well  as  more  specialized  human  factors 
subjects  are  also  required.  With  an 
emphasis  on  engineering  and  design, 
WSU  intends  to  produce  human  factors 
specialists  who  “speak  the  language” 
of  engineers  and  designers,  thus  en¬ 
abling  the  specialist  to  provide  the  kind 
of  ergonomics  assistance  most  relevant 
to  the  user  community. 

In  January  the  Human  Engineering 
Division  of  Armstrong  Laboratory,  with 
support  from  CSERIAC,  held  the  first 
event  in  its  new  Colloquium  Series, 


March  26-27, 1992 
Palmerston  North,  New  Zealand 

4th  Conference  on  Ergonomics:  Design  for  Us¬ 
ability,  sponsored  by  the  New  Zealand  Ergonom¬ 
ics  Society,  at  the  Coachman  Hotel.  Contact  Brent 
Challis,  Conference  Organizer,  Faculty  of  Tech¬ 
nology,  Massey  University,  Palmerston  North, 
New  Zealand;  64-63-505085,  fax  64-63-505612. 


May  3-5, 1992 
Monteray,  CA 

CHI  ’92,  the  1992  AMC  Conference  on  Human 
Factors  in  Computing  Systems,  sponsored  by  ACM 
SIGCHI  SIGGRAPH,  SIGCAPH,  HFS,  and  others. 
Theme:  “Striking  a  Balance.”  Contact  Carol  Klyver, 
CHI  ’92  Executive  Administrator,  P.O.  Box  1279, 
Pacifica,  CA  94044  (Express  Mail  address:  CHI  ’92 
Office,  1355  Redwood  Way,  Pacifica,  CA  94044); 
(415)  738-1200,  fax  (415)  738-1280,  Email: 
klyver.chi@xerox.com. 


“The  Human-Computer  Interface.”  Our 
first  speaker  was  Dr.  Thomas  B. 
Sheridan,  Director  of  the  Man-Machine 
Laboratory  at  the  Massachusetts  Insti¬ 
tute  of  Technology.  The  presentation 
was  entitled  “Musings  on  Virtual  Pres¬ 
ence,  Telepresence,  and  Model-Based 
Decision  Aiding.”  CSERIAC  staff  mem¬ 
ber  Dr.  Ron  Schopper  provides  a  syn¬ 
opsis  of  Dr.  Sheridan’s  talk  in  this 
Gateway,  also,  we  present  excerpts  of 
an  interview  Ron  and  I  conducted  with 
our  guest. 

In  this  issue  Claire  Gordon,  of  the 
U.S.  Army  Natick  Research,  Develop¬ 
ment,  and  Engineering  Center  tells  us 
about  ANSUR,  the  U.S.  Army 
Anthropometric  Data  Base.  This  three- 
year  study  screened  over  25,000  active- 
duty  soldiers  and  used  132  body  di¬ 
mensions  to  compile  a  general  data 
base  of  anthropometric  distributions 
for  the  Army. 

CSERIAC  staff  member  Mark  Detroit 
describes  the  concept  of  “aircraft  agility” 
and  what  its  implications  are  for  the 
human  operator  of  such  systems.  As  the 
flight  dynamic  capabilities  of  aircraft  are 
improved,  enabling  them  to  perform 


Calendar 


May  17-22, 1992 
Boston,  MA 

SID  ’92  International  Symposium,  Seminar,  and 
Exhibition,  sponsored  by  the  Society  for  Informa¬ 
tion  Display,  at  Hynes  Convention  Center.  Con¬ 
tact  Paul  M.  Alt,  SID  ’92  Conference  Chair,  IBM 
Watson  Research  Center,  P.O.  Box  218,  Yorktown 
Heights,  NY  10598;  (914)  945-2437,  fax  (914)  945- 
1974,  Email:  aIt@watson.ibm.com. 

May  18-20, 1992 
Tampere,  Finland 

International  Conference  on  Computer-Aided 
Ergonomics  and  Safety,  organized  by  Tampere 
University  of  Technology  and  sponsored  by  the 
International  Ergonomics  Association,  Finnish 
Ergonomics  Society,  and  others.  Contact  Markuu 
Mattila,  Conference  Chairman,  Dept,  of  Me¬ 
chanical  Engineering,  Tampere  University  of 
Technology,  Box  527,  SF-33101  Tampere,  Fin¬ 
land;  358-31-162621;  fax  358-31-162671. 


previously  impossible  maneuvers,  the 
limits  of  pilot  control  are  being  pushed. 

The  article  “Psyching  Out  Multi-Task 
Management,”  by  Dr.  Yvette  Tenney  of 
Bolt  Beranek  and  Newman,  provides 
some  background  and  a  summary  of 
the  newest  CSERIAC  State-of-the-Art 
Report  (SOAR).  This  SOAR,  available 
through  the  CSERIAC  Program  Office, 
is  titled  Strategic  Workload  and  the 
Cognitive  Management  of  Advanced 
Multi-Task  Systems.  The  report  deals 
with  the  unique  problems  of  perfor¬ 
mance  and  workload  in  managing  multi¬ 
task  situations. 

I  know  you  will  find  this  issue  of 
Gateway  interesting  reading.  As  al¬ 
ways,  we  solicit  your  input.  This  can 
take  the  form  of  subjects  you  would 
like  to  see  covered,  comments,  criti¬ 
cisms,  or  perhaps  the  draft  of  an  article 
you  would  like  to  submit  for  consider¬ 
ation.  We  are  always  happy  to  hear 
from  you.  • 

Reuben  '‘Lew'" Hann,  Ph.D.,  is  the  Contract¬ 
ing  Officer's  Technical  Representative 
(COTR)  who  serves  as  the  Govern  ment  Tech¬ 
nical  Monitor  for  the  CSERIAC  Program. 


May  18-22,  1992 
Dayton,  OH 

NAECON  ’92,  the  National  Aerospace  and  Elec¬ 
tronics  Conference,  sponsored  by  HFS,  IEEE, 
Aerospace  and  Electronic  Systems  Society,  and 
others,  at  the  Dayton  Convention  Center.  Con¬ 
tact  Mohammad  Karim,  Center  for  Electro-Op¬ 
tics,  University  of  Dayton,  OH  45469-0227. 


May  10-14, 1992 
Miami  Beach,  FL 

Aerospace  Medical  Association  63rd  Annual  Sci¬ 
entific  Meeting,  at  the  Fountainbleau  Hilton. 
Contact  the  Aerospace  Medical  Association,  329 
S.  Henry  St.,  Alexandria,  VA  22314-3524;  (703) 
739-2240. 


Notices  for  the  calendar  should  be  sent  at  least  four  months  in  advance  to: 

CSERIAC  Gateway  Calendar,  CSERIAC  Program  Office,  AL/CFH/CSERIAC,  Wright-Patterson  AFB,  OH  45433-6573 
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his  issue  of  Gatewaymzrks 
the  beginning  of  its  third 
year  of  publication.  Dur¬ 
ing  that  time,  the  circulation  has 
grown  from  3,900  to  over  6,500  read¬ 
ers  in  31  countries,  and  I  receive  at 
least  one  request  a  day  for  someone  to 
be  added  to  the  list.  The  size  has 
increased  from  12  pages  to  20  pages, 
in  the  last  issue,  and  the  number  of 
submitted  articles  is  steadily  increas¬ 
ing.  For  these  reasons.  Dr.  Kenneth  R. 
Boff,  Chief  of  the  Human  Engineering 
Division,  Crew  Systems  Directorate, 
Armstrong  Laboratory,  and  the  DoD 
Technical  Director  for  CSERIAC,  has 
requested  that  I  publish  Gateway  on  a 
bimonthly  basis,  a  challenge  which  I 
am  happy  to  meet.  You  will  notice  that 
this  issue  is  referred  to  as  the  “January/ 
February”  issue  rather  than  “Winter” 


and  the  next  issue  will  be  the  “March/ 
April”  issue. 

Because  of  the  increased  frequency 
of  publication,  it  is  extremely  impor¬ 
tant  that  those  readers  who  have  not 
yet  returned  the  card  indicating  their 
interest  in  continuing  to  receive  Gate¬ 
way  please  do  so  immediately.  As 
before,  the  card  is  simple  to  complete, 
is  mailable  without  an  envelope  (in  the 
United  States),  and  is  stamped  with 
proper  postage.  In  addition,  I  have 
ordered  the  use  of  “peel-and-stick” 
address  labels  so  that  you  can  peel 
your  address  label  off  the  news¬ 
letter  and  fasten  it  to  the  card,  elimi¬ 
nating  the  need  to  write  your  name 
and  address,  unless  it  must  be  cor¬ 
rected.  Please  note  that  for  foreign 
addresses,  I  was  unable  to  obtain 
“peel-and-stick”  labels  of  sufficient 


size  to  hold  five-line  addresses,  thus 
I  had  to  use  the  traditional  labels. 

Your  expedient  completion  and 
mailing  of  the  card  will  enable  me  to 
print  enough  copies  available  for  all 
interested  readers,  without  printing 
and  mailing  unwanted  copies.  This 
cost-reduction  effort  will  assist  me  in 
maintaining  Gateway  2iS  a  quality  pub¬ 
lication  without  charge  to  its  readers.  I 
would  appreciate  your  response  no 
later  than  15  April  1992. 

For  those  readers  who  have  returned 
their  cards,  please  accept  my  gratitude. 
Because  of  the  large  number  of  re¬ 
turned  cards,  the  process  of  making 
corrections  is  slow  and  not  all  correc¬ 
tions  have  been  made  for  this  issue. 
Thus  do  not  be  alarmed  if  the  changes 
you  indicated  on  the  card  have  not  yet 
been  made.  • 


lltterstotheEd^^ 


Dear  Sir: 

I  have  recently  had  the  pleasure  of 
reading  the  last  two  issues  of  Gateway, 
and  quite  honestly  don’t  want  to  miss 
them  in  the  future.  Most  noteworthy 
are  the  articles  by  Don  Norman  and  Al 
Chapanis,  which  I  view  as  mandatory 
reading  for  students  in  our  human 
factors  program. 

I  am  not  currently  on  your  mailing 
list,  but  would  very  much  like  to  be. 
My  understanding  is  that  this  publica¬ 
tion  is  available  free  of  charge... Thanks 
for  your  help,  and  congratulations  on 
producing  a  publication  that  is  truly 
worthwhile  reading. 

Sincerely, 

Holly  R.  Straub 

Assistant  Professor  of  Psychology 
Human  Factors  Laboratory 
University  of  South  Dakota 


State-oMhe-Art  Report 

THREE-DIMENSIONAL 

DISPLAYS 

Perception,  Implementation,  Applications 

Christopher  D.  Wickens,  Steven  Todd, 
and  Karen  Seidler 

University  of  Illinois  j 


The  perceptual  basis  of  three-dimensional  (3D)  representation,  recent  advances  in  3D 
display  implementation,  and  current  3D  design  applications  are  examined  in  this  authoritative 
review  of  the  state  of  the  art  in  3D  display  technology. 

The  report  catalogues  the  basic  perceptual  cues  that  can  be  built  into  a  display  to  convey  a 
sense  of  “natural”  3D  viewing  or  depth.  It  describes  how  the  various  cues  interact  and  how 
cues  can  be  combined  appropriately  to  create  the  strongest  sense  of  depth, 

Techniques  for  implementing  perspective  and  stereoscopic  displays  are  described  in  detail. 
The  report  identifies  some  potential  costs  and  risks  associated  with  3D  display  technology, 
including  the  potential  for  perceptual  ambiguity.  Ways  of  constructing  3D  displays  to  reduce 
ambiguities  are  suggested. 

The  efficacy  of  3D  vs.  2D  representation  is  compared  for  various  display  contexts,  and  the 
most  useful  3D  applications  environments  are  noted. 

The  report  reviews  3D  display  technology  applications  in  several  major  areas;  flight  deck 
displays,  air  traffic  control,  meteorology,  teleoperation  and  robotics,  computer-aided  design, 
and  graphic  data  analysis  and  imaging. 

Senior  author  of  the  report,  Dr.  Christopher  Wickens,  is  head  of  the  Aviation  Research 
Laboratory,  University  of  Illinois. 

The  report  is  126  pages  and  includes  22  figures.  Cost  is  $35.  To  order,  contact  the  CSERIAC 
Program  Office. 
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State-of-the-Art  Report 


HYPERTEXT 

Prospects  and  Problems  for  Crew  System  Design 


Robert  J.  Glushko  I  ®  ?  © 

Search  Technology  f 

This  informative  report  reviews  the  state  of  the  art  in  the  important  new  field  of  hypertext,  an 
innovative  concept  for  displaying  information  on  computers  that  uses  nonlinear  methods  for 
linking  related  information.  Hypertext  can  significantly  improve  the  accessibility  and  usability  of 
on-line  information  for  crew  system  designers  and  users.  The  report  discusses: 

Definitions  and  historical  context:  What  hypertext  is  and  why  it  has  recently  emerged  as  an 
important  design  concept. 

Hypertext  applications:  How  hypertext  concepts  can  be  applied  in  crew  system  design, 
including  on-line  presentation  of  handbooks,  standards  documents,  software  manuals,  and 
maintenance  aids. 

Hypertext  design  and  technology:  The  elements  of  hypertext,  and  software  and  hardware  to 
support  its  implementation. 

Hypertext  development:  Practical  advice  for  designing  hypertext  capabilities  into  information 
systems. 

The  report  is  88  pages  and  includes  17  figures.  The  cost  is  $35.  To  order,  contact  the  CSERIAC 
Program  Office. 


Request  for  Topics 
For 

State-of-the-Art-Reports  (SOARS) 

CSKRIAC  makes  every  effort  to  be 
sensitive  to  the  needs  of  its  users.  There¬ 
fore,  we  are  asking  you  to  suggest  pos¬ 
sible  topics  for  future  SOAKS  that  would 
be  of  value  to  the  Human  Factors/Ergon¬ 
omics  community.  Previous  SOARs  have 
included  Hypertext:  Prospects  and  Prob¬ 
lems  for  Crew  System  Design  l^y  Robert  J. 
Glushko,  and  Three  Dimensional  Dis¬ 
plays:  Perception,  Implication,  Applica- 
tionshy  Christopher  D.  Wickens,  Steven 
Todd,  tk  Karen  Seidler.  Your  input 
would  be  greatly  appreciated.  We  are 
also  looking  for  sponsors  of  future  SOARs. 
CSERIAC  is  a  contractually  convenient, 
cost  effective  means  to  produce  rapid 
authoritative  reports. 

Send  your  suggestions  and  other  re¬ 
plies  to  Dr.  Lawrence  Howell,  A.ssociaie 
Director  CSERIAC  Program  Office,  AL/ 
CFH/CSERIAC,  Wright-Patterson  AFB,  OH 
45433-6573. 


Anthropometry  Class  Offered 

Did  you  know  there  is  no  such  thing  as  a 
95th  percentile  man  and  that  it  is  impossible 
to  construct  a  being  that  is  95th  percentile  for 
all  measurements?  Did  you  know  that  using 
5th  and  95th  percentiles  can  actually  fit  much 
less  than  90%  of  a  population  and  can  cause 
the  design  to  cost  more  than  alternative 
methods?  Would  you  be  interested  in  a  class 
which  would  explain  these  and  other  pitfalls 
in  anthropometry  as  well  as  detail  methods 
which  work  better?  Such  a  class  would 
describe  the  latest  in  anthropometric  methods 
as  applied  to  the  design  and  evaluation  of 
cockpits  (workstations),  clothing  and  protec¬ 
tive  equipment,  including  the  latest  in  topo¬ 
graphic  and  volumetric  scanning  of  the  hu¬ 
man  body.  If  you  are  interested  in  such  a 
class,  please  respond  to  Wes  Grooms,  CSERIAC 
Conference  Administrator  at  (513)  255-4842 
or  DSN  785-4842. 

Decrease  in  CSERIAC  SOAR  Charge 

CSERIAC  has  periodically  published  state- 
of-the-art  reports  (SOARs)  on  a  variety  of 
topics  relevant  to  the  human  factors  commu¬ 
nity.  It  has  been  CSERIAC’s  intent  to  simply 
recover  costs  incurred  for  production  of  these 
SOARs.  However,  the  high  cost  of  contracting 
various  experts  to  write  these,  combined  with 
the  high  cost  of  printing,  has  resulted  in 
SOARs  that  were  priced  beyond  what  most 


Announcements 


ergonomists,  psychologists,  designers,  and 
engineers  could  afford.  To  make  the  CSERIAC 
SOARs  more  readily  available  to  professionals 
in  the  field,  the  CSERIAC  Program  Office  has 
decreased  the  price  from  $75  to  $35,  effective 
immediately.  This  price  reduction  will  apply 
to  SOARS  already  published  as  well  as  future 
SOARs,  until  further  notice. 

New  Journal  on  Teleoperator  and 
Virtual-Environment  Systems 

MIT  Press  is  pleased  to  announce  the 
publication  of  the  first  scientific  journal  dedi¬ 
cated  exclusively  to  the  fields  of  teleoperators 
and  virtual  environments,  Presence: 
Teleoperators  and  Virtual  Environments.  The 
complexity  of  the  human-machine  interface 
and  associated  environmental  interactions  af¬ 
fect  an  operator’s  performance,  experience, 
and  sense  of  presence  in  both  teleoperator 
and  virtual  environment  systems.  Presence 
attempts  to  provide  an  understanding  of  these 
interfaces  and  interactions,  as  well  as  the 
underlying  design.  Secondary  emphasis  is 
placed  on  1)  the  human  operator’s  cognitive 
and  sensorimotor  system;  2)  the  peripheral 
components  of  the  two  types  of  systems;  and 
3)  the  impact  of  transformed  presence. 

The  Editors-in-Chief  are  Thomas  B. 
Sheridan,  Massachusetts  Institute  of  Technol¬ 
ogy,  and  Thomas  A.  Furness,  III,  University  of 
Washington.  Presenceis  published  quarterly. 
Subscription  rates  are  $50  for  individuals  and 


$120  for  institutions.  Foreign  subscribers 
should  add  $14  for  postage  and  handling, 
Canadian  subscribers  also  add  7%  GST.  To 
subscribe  to  Presence,  please  write  to  MIT 
Press  Journals,  55  Hayward  St.,  Cambridge, 
MA  02142.  (617)  253-2889. 

DTIC  CD-ROM  Available 

The  Defense  Technical  Information  Center 
(DTIC)  announced  the  availability  of  its  Tech¬ 
nical  Report  Database  on  CD-ROM  in  October 
1991.  The  data  on  the  first  issue  covers  1970 
through  June  1991  and  includes  unclassified 
bibliographic  citations  to  technical  reports, 
patent  applications,  and  conference  papers. 
These  citations  cover  scientific  and  technical 
information  produced  to  support  the  manage¬ 
ment  and  conduct  of  DoD  research,  develop¬ 
ment,  engineerning,  and  studies  program. 

The  annual  subscription  includes  one  com¬ 
plete,  updated  issue  of  the  CD-ROM  each 
quarter.  Purchase  of  this  product  is  limited  to 
DTIC-registered  users  who  are  authorized 
access  to  export-controlled  data. 

For  additional  information  on  purchasing 
the  CD-ROM  or  on  becoming  a  registered 
DTIC  user,  call  (703)  274-6434  or  write  to: 

Defense  Technical  Information  Center 
DTIC-BCP  (CD-ROM  Information) 
Building  5,  Cameron  Station 
Alexandria,  VA  22304-6145 
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Armstrong  Laboratory  Colloquium  Series: 

Musings  on  Virtual  Presence,  Telepresence,  and 
Model-Based  Decision  Aiding 

Thomas  B.Sheridan 


Editor's  note:  Following  is  an  abstract 
based  on  Dr.  Sheridan 's presentation  as  the 
first  speaker  in  the  Armstrong  Laboratory 
Colloquium  Series:  The  Human-Computer 
Interface.  Dr.  Aaron  Schopper,  CSEIUAC 
Chief  of  Technical  Services  and  Analyses, 
prepared  this  abstract. 

Ohe  increasingly  available 
and  sophisticated  technolo¬ 
gies  represented  by  high- 
resolution  and  fast  computer-graphics, 
head-coupled  displays,  and  instru¬ 
mented  “data  gloves”  and  “body  suits” 
are  likely  to  have  a  large  impact  on  both 
teleoperation  (e.g,,  human  remote  con¬ 
trol  of  vehicles  and  manipulators)  and 
the  experience  of  virtual  environments 
(e.g.,  computer-simulated  vehicles).  The 
human  interfaces  inherent  in  such  sys¬ 
tems  are  characterized  by  terms  such  as 
“telepresence”  (feeling  like  you  are  ac¬ 
tually  at  the  remote  site  of  operation) 
and  “virtual  presence”  (feeling  like  you 
are  in  the  environment  generated  by 
the  computer).  While  such  systems 
allegedly  will  improve  sensorimotor  or 
cognitive  performance  and  efficiency 
of  training  and  planning,  we  currently 
have  neither  theories  nor  measures  of 
presence  (let  alone  telepresence  or 
virtual  presence). 

In  controlling  actual  vehicles  or 
telerobots,  where  we  absolutely  de¬ 
pend  on  feedback,  we  have  inadequate 
knowledge  of  how  the  operator’s  sense 
of  presence  contributes  to  ultimate 
performance.  Is  it  critical  to  have 
displays  of  encoded  bits  of  high-reso¬ 
lution  sensory  information?  Is  sense  of 
“presence”  simply  a  concomitant  be¬ 
nign  phenomenon  (a  distraction)?  Or 
is  the  quality  of  “presence”  the  critical 
psychological  indicator  of  physical 
stimulus  sufficiency?  When  simulation 
and  virtual  environments  are  employed, 
what  is  contributed  by  a  sense  of 


presence,  perse?  What design/operat- 
ing  principles  exist  to  indicate  how 
best  to  use  the  virtual  and  actual  capa¬ 
bilities  together? 

Whereas  present  space  limitations 
prevent  my  making  a  case  for  the 
following,  I  would  like  to  cite  the  need 
to  identify  the  determinants  of  the 
sense  of  presence.  The  principal  de¬ 
terminants,  as  shown  in  the  figure, 
appear  to  be  (1)  the  extent  of  sensory 
information  available,  (2)  the  ability  to 
control  the  relation  of  sensors  to  the 
environment,  and  (3)  the  ability  to 
modify  the  physical  environment  (e.g, , 
change  the  shape  and  location  of  ob¬ 
jects  therein).  I  am  not  suggesting  that 
these  determinants  operate  alone,  as 
they  are  surely  affected  by  both  task 
difficulty  and  degree  of  automation 
(independent  variables).  The  larger 
challenge,  however,  maybe  determin¬ 
ing  the  dependent  variables.  There  is 
an  obvious  need  for  measures  of  “pres¬ 
ence”  that  are  operational,  reliable, 
useful,  and  robust.  “Presence”  is  a 
subjective  sensation,  a  mental  mani¬ 
festation.  Therefore,  subjective  report 


is  the  basic  datum  from  which  unidi¬ 
mensional  or  multidimensional  mea¬ 
sures  can  be  derived — much  like  those 
associated  with  the  mental  workload 
models.  While  subjective  measures 
are  apt  to  be  primary,  there  also  is  a 
need  for  objective  measures  if  the 
work  is  to  be  accepted  by  the  commu¬ 
nity  of  engineers  and  physical  scien¬ 
tists.  Potentially  viable  candidates  are 
those  with  considerable  face  validity, 
e.g.,  unpremeditated  responses  to  the 
unexpected  or  threat  (e.g.,  a  blink  or  a 
flinch)  or  highly  conditioned  social 
responses  (e.g.,  “spontaneous,”  recip¬ 
rocal  arm  and  hand  reactions  to  offers 
of  handshakes  or  gifts)  or  utterances 
(e.g.,  cheers).  The  occurrence  of  these 
behaviors  would  lend  credence  to  the 
assertion  that  the  performers  were  ex¬ 
periencing  “presence.” 

Causality  of  events  in  a  human- 
machine  system  is  commonly  charac¬ 
terized  as  a  closed  information/control 
loop:  the  efferent,  motor  loop  from 
human  response  to  environmental  state, 
plus  the  afferent,  sensory  loop  from 
Continued  on  page  8 


sensors 

Principal  determinants  of  sense  of presence  for  a  given  task.  From  T.B.  Sheridan, 
Musings  on  Telepresence  and  Virtual  Presence,  Presence:  Teleoperators  and  Virtual 
Environments.  1992,  1  (1).  Reprinted  with  permission  of  MIT  Press 
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environmental  state  to  human  senses. 
Unfortunately,  we  have  little  experi¬ 
mental  information  regarding  the  rela¬ 
tive  effects  of  efferent  or  afferent  dis¬ 
tortions  on  sense  of  presence,  training 
efficiency,  and  performance.  In  the 
case  of  human  control  loops,  we  are 
limited,  to  a  large  extent  because  sen¬ 
sation  and  perception  tend  to  be  char¬ 
acterized  in  very  different  ways  from 
motor  responses.  However,  in  very 
simple  continuous  visual-motor  tasks, 
the  final  closed-loop  control  usually  is 
unaffected  by  whether  a  pure  time 
delay  is  in  the  forward  position-com¬ 
mand  loop  or  in  the  visual  feedback 
loop.  Nonetheless,  enormously  differ¬ 
ent  closed-loop  performance  may  re¬ 
sult  from  the  same  resource  invest¬ 
ment,  depending  upon  whether  it  is 
committed  to  improving  feedback  or 
feedforward. 

There  is  also  the  question  as  to  how 
the  geometric  mappings  of  body  and 
environmental  objects  both  within  the 
perceived  (virtual)  environment  and 
the  true  one,  and  relative  to  each 
other,  contribute  to  sense  of  presence, 
training,  and  performance.  Some  form 
of  spatial  filtering  appears  necessary 
to  account  for  the  effects  of  distor¬ 
tions  from  spatial  isomorphism.  Con¬ 
trol  by  the  human  operator  requires 
such  mappings.  Some  may  demand 
a  high  degree  of  isomorphism, 
whereas  in  other  instances  it  may  be 
necessary  to  accommodate  significant 
deviations  due  to  hardware  limits  or 
constraints  of  the  human  body.  At 
present  we  do  not  have  design/operat¬ 
ing  principles  for  knowing  what  devia¬ 
tions  are  permissible,  and  which  de¬ 
grade  performance.  • 

Dr.  Sheridan’s  presentation  is  based 
on  the  following  article: 

Sheridan,  T.B.  (1992,  Winter).  Musings 
on  Telepresence  and  Virtual  Presence. 
Presence:  Teleoperators  and  Virtual  En¬ 
vironments,  1  (1),  pp.  120-126.  Used 
with  permission  of  MIT  Press. 

Dr.  Sheridan  is  Professor  of  Engineering 
and  Applied  Psychology  and  Director  of 
the  Man-Machine  Systems  Laboratory  at 
the  Massachusetts  Institute  of  Technology, 
Cambridge,  MA.  He  is  a  past  president  of 
the  Human  Factors  Society. 


Scenes  from  the  Armstrong  Laboratory  Colloquium  Series: 


Dr.  Sheridan  addressing  a  full  auditorium  of  guests.  Photo  by  Dan  Churchill 


Dr.  Sheridan  meeting  with  individuals  following  his  lecture.  Photo  by  Dan  Churchill 
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Armstrong  Laboratory  Colloquium  Series: 

Interview  With  Thomas  Sheridan 


Editor's  note:  The  following  is  an  edited 
transcript  of  a  conversation  with  Dr. 
Thomas  Sheridan,  MIT,  who  had  just 
made  a  presentation  as  the  first  speaker 
in  the  Armstrong  Laboratory  Colloquium 
Series:  The  Human-Computer  Interface. 
The  interviewers  were  Dr.  Lew  Hann, 
CSERIAC  COTR,  and  Dr.  Aaron  Schopper, 
CSERIAC  Chief  of  Technical  Services 
and  Analyses. 

OSERIAC: 

Considering  your  position 
as  Past  President  of  the 
Human  Factors  Society,  we  would  like 
to  ask  a  rather  global  question:  What 
do  you  see  as  the  most  important 
challenge  facing  the  human  factors 
community  today? 

Dr.  Sheridan: 

There  has  been  a  continuing  challenge 
of  convincing  the  general  public,  the 
power  structure,  and  the  engineers  of 
the  importance  of  human  factors.  I 
believe  that  struggle  will  continue. 
However,  I  think  we  are  gradually 
winning,  and  I’m  delighted  to  see  that 
there  is  more  recognition  of  human 
factors.  That’s  reflected  by  increased 
membership  in  HFS  and  general  public 
awareness  of  what  it  is.  It  wasn’t  very 
long  ago  when  people  didn’t  have  any 
idea  what  it  even  was .  We  have  to  keep 
working  on  this. 

CSERIAC: 

Is  there  anything  we  in  the  human 
factors  community  can  do  to  demon¬ 
strate  or  calculate  the  cost-effective¬ 
ness  of  using  human  factors  in  the 
design  and  acquisition  of  new  systems? 

Dr.  Sheridan: 

I  feel  that,  as  systems  get  more  com¬ 
plex,  the  problem  of  human  factors 


similarly  gets  more  complex.  We  have 
moved  historically  from  a  kind  of 
“knobs  and  dials”  phase  where  rela¬ 
tively  straightforward  measures  could 
be  made  at  the  interface.  Now  the 
systems  are  so  much  more  complex, 
with  a  high  level  of  automation,  and 
you  can’t  isolate  the  human  compo¬ 
nent  as  easily  as  you  used  to.  This 
means  that  measures  of  performance 
are  in  a  sense  linked  to  the  perfor¬ 
mance  of  the  computer  systems  that 
are  working  with  the  human  operator. 
It  becomes  difficult  to  measure  the 
human’s  contribution  to  the  overall 
system  performance.  It’s  analogous  to 
the  difficulty  of  measuring  the  contri¬ 
bution  of  one  individual  in  a  group 
task.  I  think  that,  inevitably,  as  we  get 
better  at  our  job,  our  jobs  will  become 
more  difficult. 

CSERIAC: 

As  you  say,  it’s  clear  that  our  jobs 
will  be  more  difficult,  but  the  require¬ 
ment  to  demonstrate  cost-effective¬ 
ness  remains. 

Dr.  Sheridan: 

You  know,  there’s  an  ongoing  argu¬ 
ment  about  whether  the  human  per¬ 
formance  measures  at  the  “local”  level 
ever  correlate  with  the  measures  of 
system  performance  at  the  global 
level,  and  how  you  can  ultimately 
verify  this.  Regardless,  I  think  we  should 
keep  trying,  although  at  times  it  seems 
a  bit  like  Sisyphus  pushing  the  rock 
up  the  hill. 

CSERIAC: 

In  a  recent  issue  of  Gateway,  Alphonse 
Chapanis  made  a  plea  for  researchers 
to  include  a  section  in  all  their 
reports  which  states  the  potential  rel¬ 


evance  of  the  research  to  real-world 
problems.  What  are  your  feelings 
about  this? 

Dr.  Sheridan: 

I  am  of  the  opinion  that  somewhere 
there  ought  to  be  some  research 
which  is  funded  just  because  it’s  inter¬ 
esting,  without  any  thought  of  rel¬ 
evance.  I  guess  that  is  my  definition 
of  basic  research.  Of  course,  I  am 
not  saying  that  all,  or  even  the  majority 
of  research  should  be  done  this  way, 
but  I  think  there  ought  to  be  research 
that  is  not  “relevant.”  I  agree  with 
Dr.  Chapanis  insofar  as  the  researcher 
has  something  to  say  about  rele¬ 
vance.  I’d  be  interested  in  hearing 
about  it,  but  I  don’t  think  it  should 
be  compulsory.  Of  course,  if  the  re¬ 
search  is  sponsored,  and  if  the  re¬ 
searcher  has  promised  solutions  to 
real  problems,  then  of  course,  as  the 
sponsor  I  would  expect  to  see  the 
connection  between  research  results 
and  the  problem. 

CSERIAC: 

I  think  most  of  us  would  agree  that  the 
promise  of  AI  (artificial  intelligence) 
applications  a  couple  of  years  ago  was 
oversold.  Although  AI  has  found  its 
way  into  some  isolated  software  appli¬ 
cations,  it  has  not  been  able  to  deliver 
on  many  of  the  promises  made.  It 
seems  that  applications  of  virtual  real¬ 
ity  might  also  be  in  danger  of  being 
oversold.  Do  you  agree? 

Dr.  Sheridan: 

I  think  it  is  being  oversold.  In  some 
ways  the  overselling  is  more  rampant 
than  with  AI.  In  the  case  of  AI,  a  large 
part  of  it  was  so  far  beyond  a  lot  of  the 
Continued  on  page  14 
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ANSUR: 

The  US  Army  Anthropometric  Data  Base 

Claire  C.  Gordon 


Onthropometry,  the  quanti- 
tative  study  of  human  body 
size  and  shape,  has  wide 
application  in  military  materiel  mis¬ 
sions  including  the  design  and  sizing 
of  uniforms,  combat  clothing  and  equip¬ 
ment,  shelters,  transportation  systems, 
and  crewstations.  The  US  Army  has 
been  conducting  systematic  anthro¬ 
pometric  surveys  of  its  population  for 
the  past  50  years.  In  1988,  the  US 
Army  Natick  Research,  Development, 
&  Engineering  Center  completed  its 
most  recent  anthropometric  survey 
(ANSUR),  which  includes  more  than 
180  dimensions  measured  on  8,997 
active-duty  soldiers. 

ANSUR  took  two  years  to  plan  and 
more  than  a  year  to  complete.  Eleven 
Army  posts  participated,  and  some 
25,811  active-duty  soldiers  were 
screened  for  participation.  Functional 
units  (e.g.,  infantry,  artillery,  medical, 
transportation,  supply)  were  selected 
for  screening  in  proportion  to  their 
representation  in  the  Army.  Screening 
included  answering  26  biographical 
questions  and  measurement  of  height 
and  weight  in  running  shorts  and  t- 
shirt.  Subjects  were  then  selected  ran¬ 
domly  for  complete  anthropometric 
measurement,  with  probability  of  se¬ 
lection  varying  as  a  function  of  their 
gender,  age,  and  race.  Figure  1  shows 
a  subject  being  measured. 

Each  ANSUR  subject  was  measured 
directly  for  132  body  dimensions;  a 
palmar  photograph  and  collimated  light 
silhouette  were  taken  of  the  right  hand 
using  a  specially  designed  photographic 
device;  and  three-dimensional  coordi¬ 
nates  for  28  head  and  face  landmarks 
were  captured  using  an  automated 
headboard  system  also  specially  cre¬ 
ated  for  the  survey.  The  measuring 
process  took  approximately  two  hours, 
as  each  subject  visited  seven  measur¬ 


ing  stations  in  turn.  Each  measuring 
station  was  equipped  with  a  portable 
computer  for  data  entry,  and  prelimi¬ 
nary  data  editing,  which  included  range 
checking  and  regression  estimation, 
was  done  on  site  where  questionable 
data  values  were  verified  before  the 
subject  left  the  area.  Unlike  previous 
Army  surveys,  which  focused  primarily 
on  clothing-related  dimensions,  ANSUR 
supports  a  variety  of  human  engineer¬ 


ing  applications  including  dress  uni¬ 
forms,  protective  clothing  ensembles, 
workstation  design,  aircraft  crewstation 
design,  and  mathematical  man-models. 

ANSUR  utilized  a  unique  sampling 
plan  and  database  construction.  Mi¬ 
nority  demographic  groups  were  in¬ 
tentionally  oversampled  in  the  survey 
to  support  basic  research  goals  and  to 
provide  a  data  pool  from  which  work¬ 
ing  data  bases  can  be  derived  and 


Figure  1.  Knee-height  measurements,  sitting,  being  taken.  These  are  used  in  determining 
location  of  instrument  panels  in  cockpits  and  desk  heights  in  office  equipment.  Photo  by 
Tebby  Stanley 
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periodically  reconfigured  as  Army  de¬ 
mographics  shift  in  the  coming  de¬ 
cades.  Oversampling  in  each  gender/ 
race/age  cell  also  facilitates  the  con¬ 
struction  of  demographically  matched 
subsets  that  can  represent  special  or¬ 
ganizational  units  within  the  Army  or 
other  Armed  Services,  including  many 
of  our  European  allies. 

After  the  ANSUR  survey  was  com¬ 
pleted,  working  data  bases  were  formed 
by  stratified  random  sampling  within 
age  and  race  cells  utilizing  relative 
frequencies  from  the  contemporary 
active  duty  force.  This  process  pro¬ 
duced  male  and  female  working  data 
bases  that  exactly  matched  active  duty 
Army  demographics  for  June  of  1988. 
Army  demographics  are  checked  an¬ 
nually  to  determine  whether 
reconfiguration  of  the  working  data 
bases  is  required. 

In  addition  to  working  data  bases 
that  reflect  general  Army  anthropo¬ 
metric  distributions,  pilot  data  bases 
were  also  created  to  support  cockpit 
geometry  and  personal  equipment 
applications  specific  to  that  group. 
The  male  pilot  data  base  is  composed 
of  487  pilots  whose  demographics 
match  those  of  the  1988  pilot  popula¬ 
tion.  Because  the  number  of  female 
pilots  is  insufficient  to  support  statisti¬ 
cal  inferences  about  that  population, 
the  female  pilot  data  base  (n=334)  was 
artificially  created  by  selecting  only 
those  women  meeting  current  entrance 
criteria  for  flight  school,  and  then  us¬ 
ing  stratified  random  sampling  to  match 
age/race  frequencies  to  the  1988  fe¬ 
male  pilot  population.  This  method 
had  been  previously  validated  on  male 
pilots  by  comparing  an  artificially  cre¬ 
ated  pilot  data  set  with  the  actual  pilot 
data  base.  In  that  trial,  only  10  of  132 
dimensions  tested  showed  differences 
that  were  statistically  significant  at  the 
.05  level,  all  were  of  extremely  small 
magnitude,  and  7  of  the  10  might  have 
been  expected  based  on  chance  alone. 

The  methods  and  results  of  the 
ANSUR  survey  are  published  in  a  se¬ 
ries  of  NATICK  technical  reports  and 
journal  articles.  These  are  listed  in 
Figure  2  and  include  research  on 


interobserver  error  and  secular  trends, 
as  well  as  summary  statistics  such  as 
means,  standard  deviations  and  per¬ 
centiles,  bivariate  frequency  tables, 
correlation  matrices,  and  multiple  re¬ 
gression  equations.  Summary  statistics 
calculated  on  the  general  Army  and 
pilot  working  data  bases  have  also 
been  incorporated  in  updates  of  Mili¬ 
tary  Standards  and  Handbooks  includ¬ 
ing  MIL-STD-1472  and  DOD-HDBK- 
743.  Copies  of  the  original  data  are 
available  on  magnetic  tape  from  the 
Defense  Technical  Information  Service. 
ANSUR  summary  statistics  and  mea¬ 
surement  descriptions,  along  with  com¬ 
parative  data  from  other  military  and 
civilian  anthropometric  surveys,  are 
also  available  online  through  CARD, 
the  Center  for  Anthropometric  Re¬ 
search  Data,  which  is  one  of  CSERIAC’s 
many  services. 

Recognizing  the  importance  of 
anthropometric  data  for  Computer 
Aided  Design  of  workstations  and  pro¬ 
tective  clothing,  ANSUR  data  have  also 
been  incorporated  into  JACK,  a  com¬ 


puterized  man-model  under  develop¬ 
ment  by  Dr.  Norman  Badler  at  the 
University  of  Pennsylvania  Computer 
Graphics  Laboratory.  Development  of 
JACK  is  jointly  funded  through  the 
Army  Research  Office  by  Natick,  the 
US  Army  Human  Engineering  Labora¬ 
tory,  and  the  NASA-Ames  Research 
Center.  Since  nude  anthropometric 
data  are  of  limited  use  in  workstation 
design,  ongoing  anthropometric  re¬ 
search  at  Natick  includes  clothed 
anthropometry  and  range-of-motion 
projects  which  will  be  used  to  augment 
JACK’S  nude  dimensions  derived 
from  ANSUR. 

For  further  information  on  the 
ANSUR  database,  contact  the  author  at 
US  Army  Natick  Research,  Develop¬ 
ment,  &  Engineering  Center,  Natick, 
MA  01760-5020,  (508)  651-5429,  DSN 
256-5429.  • 

Dr.  Claire  C.  Gordon  is  the  Behavioral 
Sciences  Division  Senior  Anthropologist  at 
the  US  Army  Natick  Research,  Development, 
and  Engineering  Center,  Natick,  MA. 


TECHNICAL  REPORTS: 

Hand  Photo  System 

Natick  TR-87/044 

Measurer’s  Handbook 

Natick  TR-88/043 

Data  Editing  Software 

Natick  TR-88/045 

Automated  Headboard 

Natick  TR-88/048 

Descriptive  Statistics 

Natick  TR-89/027  or  044 

Bivariate  Frequency  Tables 

Natick  TR-89/031 

Regression  Equations 

Natick  TR-89/035-036 

Correlation  Coefficients 

Natick  TR-90/032-034 

Secular  Trends-Males 

Natick  TR-9 1/006 

Pilot  Descriptive  Stats 

Natick  TR-9 1/040 

Hand  Anthropometry 

Natick  TR-92/011 

ARTICLES: 

Interobserver  Error 

American  Journal  of  Human  Biology  (1992) 

Secular  Trends 

American  Journal  of  Human  Biology  (1992) 

Foot/Stature  Relationships 

Journal  of  Forensic  Sciences  (1992) 

PRESENTATIONS: 

Quality  Control 

Human  Factors  Society  (1991) 

Secular  Trend  Modeling 

American  Anthropological  Association  (1991) 

Racial  Variation 

American  Anthropological  Association  (1991) 

Sexual  Dimorphism 

American  Anthropological  Association  (1991) 

Self  Reported  Race! Ethnicity 

American  Anthropological  Association  (1991) 

Figure  2.  ANSUR  reports  which  document  the  methods  and  results  of  the  survey 
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Aircraft  Agility  and  Human  Factors  Integration 

Mark  J.  Detroit 

_ _ _ _ _ _  i 

i 


©urrent  efforts  to  extend  con¬ 
trolled  flight  into  the  post¬ 
stall  regime  will  bring  about 
major  changes  in  aircraft  dynamic  ca¬ 
pability.  These  changes  will  have  far- 
reaching  implications  in  terms  of  the 
specification,  design,  evaluation,  and 
operational  use  of  future  fighter  air¬ 
craft,  particularly  as  these  enhanced 
airframe  capabilities  begin  to  chal¬ 
lenge  pilots’  limitations.  Significant 
research  continues  in  developing  the 
technologies  required  to  design  and 
build  both  agile  airframes  and  pilot- 
vehicle  interfaces.  There  is  a  need 
to  ensure  that  requirements  for  both 
are  adequately  represented  and 
integrated  into  the  specification  and 
design  process  with  the  flight  mechan¬ 
ics  community. 

The  high-angle-of-attack  flight  re¬ 
gime  has  always  been  of  significant 
interest  to  the  aviation  community. 
Since  the  earliest  days  of  flight,  re¬ 
searchers  have  sought  to  understand 
the  nature  of  departure  characteristics, 
as  well  as  spin  modes  and  recovery 
techniques.  Revolutionary  advances 
in  flight  control  technology  in  the  late 
1960’s  and  1970’s  enabled  designers  to 
achieve  departure  resistance  using 
control-limiting  concepts  which  per¬ 
mitted  relatively  “carefree”  maneuver¬ 
ing.  At  the  “cutting  edge,”  this  type  of 
maneuvering  is  limited  only  by  pilot 
capability.  Stability  augmentation  and 
aerodynamic  design  techniques  im¬ 
proved  lateral-directional  stability,  thus 
increasing  the  maximum  usable  angle 
of  attack  (maximum  usable  lift)  and 
improving  maneuver  capability.  Sta¬ 
bility  augmentation  also  permitted  rou¬ 
tine  operation  of  inherently  unstable 
airframes,  allowing  more  agile  response 
within  the  heart  of  the  envelope. 

In  the  late  seventies,  researchers 


began  to  look  at  pushing  controllability 
beyond  maximum  lift  angle  of  attack 
(AO A)  into  the  post-stall  regime.  They 
believed  such  capability  would  enable 
aircraft  to  perform  unique  maneuvers 
which  theoretically  could  provide  a 
significant  advantage  over  conventional 
maneuvering  performance  during  cer¬ 
tain  tactical  situations.  Many  recent 
technological  advancements — most 
notably  thrust  vectoring,  improved 
thrust-to-weight  ratios,  and  integrated 
flight/propulsion  control — have  made 
controlled  post-stall  flight  truly  fea¬ 
sible.  As  these  technologies  continue 
to  advance,  it  becomes  increasingly 
likely  that  post-stall  capability  will  be 
included  in  next-generation  tactical  air¬ 
craft  (as  well  as  potential  upgrades  to 
existing  aircraft).  Already,  the  YF-22 
Advanced  Tactical  Fighter  prototype 
includes  pitch  vectoring  and  has  dem¬ 
onstrated  the  capability  to  fly  to  angles 
of  attack  up  to  sixty  degrees. 

As  aircraft  capabilities  continue  to 
advance,  the  Air  Force  is  faced  with  an 
increasingly  difficult  task.  They  must 
weigh  the  costs  and  benefits  of  these 
various  capabilities  and  determine  the 
proper  mix  to  satisfy  future  require¬ 
ments  while  facing  tighter  budget  con¬ 
straints.  To  accomplish  this  task,  the 
Air  Force  needs  to  understand  the 
utility'  of  both  increased  agility  and 
post-stall  maneuvering.  How  are  they 
employed?  What  advantages  are  gained? 
When  should  post-stall  maneuvering 
be  avoided?  How  is  it  limited  by  human 
factors  considerations?  In  addition,  the 
Air  Force  needs  to  know  the  cost,  not 
only  in  dollars  but  also  in  terms  of 
reductions  to  other  capabilities.  How 
do  increased  control  surfaces  or  thrust¬ 
vectoring  nozzles  influence  signatures? 
How  much  are  weight  and  drag  in¬ 
creased  (thereby  reducing  range  or 


payload)?  How  are  training  require¬ 
ments  affected?  What  are  the  effects  of 
human  control  capabilities,  spatial  dis¬ 
orientation,  situation  awareness,  rapid 
onset  profiles,  and  long-term  high-g 
exposures?  How  can  controls  and 
displays  improve  agile  performance? 
Conversely,  how  is  maneuverability  | 
reduced  by  inherent  pilot-related  limi¬ 
tations  and  what  is  the  impact  of  that 
reduction  on  combat  effectiveness? 
The  variations  in  costs  and  benefits 
for  various  levels  of  pilot/vehicle  capa¬ 
bility  must  be  quantified.  Once  suit¬ 
able  levels  of  capability  have  been 
identified,  there  must  be  a  means  to 
specify  requirements  which  are  consis¬ 
tent  with  those  levels  and  a  means  of 
evaluation  to  ensure  that  those  re¬ 
quirements  are  met. 

The  concept  of  agility  is  a  product  of 
the  Vertical/Short  Take-Off  and  Landing 
(V/STOL)  community.  The  term  was 
used  to  describe  acceleration,  decelera-  ; 
tion,  load  factor,  and  turning  capability. 
These  capabilities  were  not  suitably 
addressed  by  classical  perform-ance  or 
stability  and  control.  They  defined  agil¬ 
ity  as  “the  combination  of  performance 
and  maneuverability  that  determines 
how  rapidly  an  aircraft  can  accelerate, 
decelerate,  and  turn  at  specified  rates  of 
climb  and  airspeed.” 

In  the  late  1970’s,  the  fighter 
community  began  to  recognize  the 
need  for  a  better  means  to  describe 
maneuvering  capability.  With  more 
highly  maneuverable  airframes  and 
the  introduction  of  all  aspect  weapons 
and  off-boresight  radar  acquisition, 
engagement  times  were  reduced  and 
tactics  began  to  evolve  which  incor¬ 
porated  the  importance  of  nose¬ 
pointing,  even  at  the  expense  of  en¬ 
ergy,  to  quicken  the  kill  and  reduce  ! 
exposure .  As  enhanced  agility  increased  ; 
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onset  rates,  angular  rates,  and  multi¬ 
axis  g-stress,  pilot  limitations  became 
an  increasingly  important  concern 
and  often  constituted  the  limiting  de¬ 
sign  consideration. 

In  the  late  1980’s,  the  interest  in 
fighter  agility  became  more  wide¬ 
spread  as  workshops  were  held  to 
promote  work  in  the  area,  and  flight 
test  programs  began  to  focus  on 
agility.  However,  with  the  increasing 
interest  in  agility  came  increasing  dis¬ 
parity  in  the  proposed  measures  and 
in  the  meaning  of  the  term  itself.  This 
disparity  was  primarily  due  to  the 
emphasis  on  agility  as  a  measure  of 
combat  capability  rather  than  simply 
a  measure  of  maneuver  capability. 
Most  recently,  the  issue  has  been  fur¬ 
ther  confused  by  the  use  of  the  term 
agility  when  referring  to  the  total 
combat  effectiveness  of  the  weapon 
system  (in  the  sense  of  minimum 
time  to  perform  a  task),  including 
airframe,  weapons,  avionics,  and  pilot. 
Sometimes  the  expressions  system 
agility  and  operational  agility  are  used 
to  differentiate  this  “total  system”  con¬ 
cept.  While  the  importance  of  the 
combat  performance  of  the  integrated 
system  cannot  be  overemphasized, 
agility  is  strictly  a  measure  of  maneu¬ 
vering  capability,  which  is  solely  a 
characteristic  of  the  aircraft.  Its  rela¬ 
tionship  to  combat  effectiveness  will  be 
dependent  upon  the  specific  opera¬ 
tional  scenario  considered,  the  tactics 
employed,  and  (with  increasing  impor¬ 
tance)  human  factors  limitations. 

To  ensure  that  the  reader  under¬ 
stands  the  author’s  perspective,  the 
following  definitions  are  proposed: 

If  a  maneuver  state  is  a  specific  set  of 
parameters  (e.g.  velocity,  angle  of  at¬ 
tack,  load  factor,  attitude,  rotation  rates, 
etc.)  which  uniquely  identify  a  flight 
condition,  then  maneuverability  is  the 
ability  to  attain,  sustain,  and  transition 
between  maneuver  states.  The  third 
part  of  maneuverability  definition,  the 
ability  to  transition  between  maneuver 
states,  is  itself  in  need  of  further  clarifica- 
Continued  on  page  14 


AIRCRAFT  DYNAxMIC  CAPABILITY 


FUGHT 

CONDITION 


FLYING  QUALITIES 


Relationship  between  (a)  open-loop  airframe  response,  (b)  flying  qualities,  and  (c)  agility 


o 


January/February  1992 


GATEWAY 


tion.  Transition  capabilities  are  often 
addressed  by  maximum  roll  rates,  maxi¬ 
mum  G  onsets,  and  other  similar  quan¬ 
tities  which  fall  short  of  adequately 
describing  this  concept  and  do  not 
necessarily  provide  the  pilot  with  a 
true  sense  of  how  his  aircraft  compares 
to  that  of  his  opponent.  Transition  may 
be  the  most  critical  capability,  espe¬ 
cially  in  a  highly  dynamic  engagement 
where  more  of  the  time  may  be  spent 
in  transition.  This  transitioning  part  of 
maneuverability  is  agility,  a  measure  of 
the  ability  to  transition  from  one  ma¬ 
neuver  state  to  another  in  minimum 
time.  From  this  definition,  it  can  be 
seen  that  agility  relates  to  several  as¬ 
pects  of  performance,  stability,  con¬ 
trollability,  and  flying  qualities. 

Three  important  points  should  be 
made  regarding  agility.  First,  agility  is 
desired  throughout  the  envelope  and 
is  related  to  high  AOA  and  post-stall 
maneuvering  only  insofar  as  a  certain 
level  of  agility  is  necessary  for  maneu¬ 
vering  at  high  AOA.  Second,  agility 
may  play  a  critical  role  in  many  aspects 
of  the  mission  for  a  variety  of  aircraft 
types.  Although  the  emphasis  has 
recently  been  on  air-to-air  combat  for 
fighters,  it  may  be  equally  important  to 
a  transport  attempting  a  lateral  offset 
during  approach.  And  third,  two  sepa¬ 
rate  but  closely  related  capabilities  are 
addressed  by  agility:  the  ability  to 
control  attitude  (nose  pointing) 
and  the  ability  to  control  speed  and 
flight  path  (velocity  vector  magnitude 
and  direction). 

As  mentioned  previously,  system 
agility  is  the  total  combat  effectiveness 
of  the  weapon  system  (in  the  sense 
of  minimum  time  to  perform  a  task), 
including  airframe,  weapon,  avionics, 
and  pilot.  It  is  here  that  human  factors 
concerns  will  have  the  greatest  impact. 

From  a  military  perspective,  the  pri¬ 
mary  objective  of  research  is  to  de¬ 
velop  highly  capable  weapon  systems 
which  are  superior  to  any  known  or 
projected  threat,  while  remaining  af¬ 
fordable.  Superior  means  more  lethal 
and  more  survivable  in  terms  of  the 
total  force  capability. 

In  terms  of  maneuverability,  the 
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objective  is  then  to  achieve  a  level 
which  is  compatible  with  all  other 
capabilities.  This  implies  the  need  to 
understand  (1)  the  effect  of  enhanced 
maneuverability  on  other  capabilities, 
(2)  the  effect  of  other  capabilities  on 
maneuverability,  and  (3)  the  relation¬ 
ship  between  maneuverability  and 
combat  effectiveness.  This  also  means 
maneuverability  (including  agility) 
must  be  quantifiable  not  only  so 
that  it  can  be  related  to  combat  effec¬ 
tiveness  but  also  so  that  it  can  be 
specified  in  requirements  and  evalu¬ 
ated  during  design  and  flight  test. 

The  pilot’s  ability  to  control  the 
dynamics  is  the  tie  between  agility 
and  flying  qualities  and  has  become 
more  critical  as  dynamic  capability 
has  increased.  This  relationship  is 
shown  conceptually  in  the  figure. 
Part  (a)  shows  that  there  is  a  limit  to 
the  open-loop  dynamic  capabilities 
of  the  aircraft.  Part  (b)  shows  that 
as  the  degree  of  precision  demanded 
is  increased,  the  time  required  to 
perform  the  task  increases.  This 
bound  is  set  by  closed-loop,  flying 
qualities  types  of  limitations.  Part 
(c)  shows  how  these  two  factors 
combine  to  set  boundaries  on  agility. 
And  as  dynamic  capability  is  increased, 
more  of  the  bound  will  be  deter¬ 
mined  by  flying  qualities  and  human 
factors  limitations.  Therefore,  to  in¬ 
crease  agility,  one  must  address 
both  the  open-loop  airframe  capa¬ 
bility  and  the  closed-loop  pilot- 
vehicle  capability. 

The  author  hopes  that  this  article 
helps  to  clarify  the  direction  and 
progress  of  an  exciting  area  of  aircraft 
research.  I  have  attempted  to  discuss 
historic  and  current  research  in  agility 
and  identify  a  definitive  gap  .between 
flight  mechanics  and  human  factors 
research  in  this  area.  The  agility  flight 
environment  includes  many  human 
factors  concerns  of  which  flight  me¬ 
chanics  specialists  are  unaware.  Com¬ 
munication  appears  to  be  the  largest 
factor... let’s  talk.  • 

Mark  J.  Detroit  is  an  Aerospace  Engineer 
for  CSERIAC. 


Sheridan  Interview 

Continued  from  page  9 
community  that  they  didn’t  even  try 
to  get  involved  in  it.  Virtual  reality  is 
more  “accessible”;  an  example  is  its 
appeal  to  portions  of  the  art  and 
media  communities.  There  may  also 
be  a  quicker  sensitivity  to  the  over¬ 
selling,  so  I  think  the  criticism  may 
be  mounted  more  quickly;  the  action 
and  reaction  will  occur  on  a  shorter 
timebase  than  was  the  case  with  AI. 
Maybe  there  have  always  been  fads 
in  science,  and  that  what  we  are  seeing 
is  another  fad. 

CSERIAC: 

Within  the  DoD  community,  where  do 
you  see  the  greatest  application  of 
virtual  reality? 

Dr.  Sheridan: 

Certainly  it  has  application  in  training, 
but  that’s  where  it  has  historically 
been... going  back  to  the  Link  trainer. 
It’s  not  new;  fidelity  and  training 
simulation  has  been  around  a  long 
time.  A  second  application  is  one  I 
where  the  human  controls  external 
devices  using  virtual  imagery.  We  al¬ 
ready  see  this  in  various  visually 
coupled  systems,  such  as  those  under 
development  here  at  Armstrong  Lab. 

A  third  area  is  scientific  visualization 
in  design  and  development,  where  the 
human  needs  to  visualize  complex 
relationships.  An  example  is  wind  | 
tunnel  phenomena...  things  you  can  j 
measure  but  cannot  normally  experi¬ 
ence  with  your  senses.  Virtual  reality  i 
permits  you  to  take  those  measure¬ 
ments,  put  them  in  a  computer  data¬ 
base  and  visualize  the  relationships 
you  could  not  see  before.  Landsat  . 
photographs  or  measurements  of  com-  : 
plex  fluid  flow  are  similar  situations.  It  ^ 
is  useful  in  any  application  where  the 
phenomena  are  outside  the  real  world  | 
as  far  as  the  human  senses  are  con-  | 
cerned.  You  could  call  it  “enhanced  j 
design  and  development.”  • 


GATEWAY 


Psyching  Out  Multi-Task  Management 

Yvette  J.  Tenney 


Editor’s  note:  Copies  of  Strategic  Workload 
and  the  Cognitive  Management  of  Advanced 
Multi-Task  Systems  are  available  through 
the  CSERIAC  Program  Office  for  $35.00. 

Oeadlines,  interruptions, 
competing  task  demands, 
unexpected  events — all 
contribute  to  the  workload  of  operators 
of  complex  systems  and  vehicles.  Al¬ 
though  automation  has  the  potential  to 
alleviate  workload  problems,  it  has  too 
often  resulted  in  the  opposite  effect. 
When  automation  is  added  to  the  work 
environment  in  a  piecemeal  fashion,  it 
may  fail  to  take  the  cognitive  organiza¬ 
tion  and  limitations  of  the  operator  into 
account.  In  particular,  it  may  force  the 
operator  to  pop  in  and  out  of  tasks, 
without  providing  the  cognitive  sup¬ 
port  that  the  operator  needs  to  make 
these  transitions.  As  a  result,  the  opera¬ 
tor  may  misinterpret  or  overlook  subtle 
aspects  of  the  new  situation  and  forget 
critical  aspects  of  the  interrupted  task. 

If  designers  of  complex  systems  are 
to  accomplish  the  objective  of  produc¬ 
ing  human-centered  automation,  they 
will  need  some  guidelines  based  on  an 
adequate  theory  of  human  performance 
in  multiple-task  situations.  Such  a 
theory  would  have  to  account  for  the 
extent  and  limitation  of  people’s  abili¬ 
ties  to  recover  from  interruptions,  to 
prioritize  tasks  in  terms  of  goals,  to 
perceive  events  within  a  larger  context, 
and  to  schedule  and  complete  all  tasks 
as  required  in  the  service  of  mission  or 
system  integrity. 

In  the  past,  research  in  psychology 
and  human  factors  has  focused  on  the 
performance  of  “dual  tasks”  in  which 
subjects  perform  two  tasks  simulta¬ 
neously.  Such  time-sharing  tasks, 
though  of  theoretical  interest,  lack  many 
of  the  important  characteristics  of  real- 
world  tasks  including  flexible  response 
constraints,  less  rigid  time  constraints,  a 


more  complex  goal  structure,  opportu¬ 
nities  for  rescheduling,  and  significant 
demands  on  memory  and  thought.  For 
these  reasons,  there  is  urgent  need  for 
a  paradigm  shift  in  the  study  of  mul¬ 
tiple-task  performance.  More  realistic 
research  paradigms  are  needed  if 
progress  is  to  be  made  in  understand¬ 
ing  how  errors  of  oversight  and  misin¬ 
terpretation  can  arise  in  multiple-task 
situations.  The  good  news  is  that  re¬ 
searchers  and  system  developers  have 
begun  to  respond  to  the  issues  raised 
by  the  advent  of  complex  multiple-task 
scenarios,  yielding  promising  steps  in 
the  areas  of  theory  development,  sys¬ 
tem  design,  and  training. 

A  new  CSERIAC  State-of-the-Art  Re¬ 
port,  entitled  Strategic  Workload  and 
the  Cognitive  Management  of  Advanced 
Multi-Task  Systems  written  by  Marilyn 
Jager  Adams,  Yvette  Tenney,  and  Rich¬ 
ard  Pew,  charts  the  progress  made  in 
this  area.  The  authors,  following  the 
lead  of  Sandy  Hart,  use  the  term  “stra¬ 
tegic  workload”  to  refer  to  the  opera¬ 
tors’  discretionary  allocation  of  thought 
and  effort  in  managing  task  loads  and 
achieving  goals  in  realistic  multi-task 
situations.  Their  monograph  raises  a 
broad  spectrum  of  psychological  is¬ 
sues  that  go  beyond  those  convention¬ 
ally  associated  with  divided  attention 
or  dual-task  performance  to  include 
concerns  about  situation  awareness, 
interruptions,  prioritization  and  sched¬ 
uling,  maintenance  of  the  queue  of 
pending  tasks,  and  the  roles  of  knowl¬ 
edge  and  expertise.  Their  report  draws 
from  the  fields  of  psychology,  artificial 
intelligence,  operations  research,  and 
computer  science  to  piece  together  a 
coherent  picture  of  the  cognitive  pro¬ 
cesses  and  stressors  involved  in  man¬ 
aging  multiple  tasks.  Building  on  inter¬ 
active  theories  of  perception, 
connectionist  theories  of  associative 
knowledge  structures,  and  schema 
theories  of  comprehension,  they  de¬ 


velop  a  framework  for  raising  new 
questions  about  the  nature  of  situation 
awareness  and  the  real-time  manage¬ 
ment  and  control  of  multiple  streams 
of  activity. 

With  this  understanding  as  back¬ 
ground,  the  authors  explore  potential 
solutions  to  the  problem  of  reducing 
mental  workload  in  multi-task  situa¬ 
tions.  Examples  from  the  recent  litera¬ 
ture  are  presented,  suggesting  person¬ 
nel  selection  as  well  as  training  and 
design  alternatives  that  are  likely  to 
promote  more  effective  multi-task  man¬ 
agement.  These  alternatives  are  di¬ 
rected  at  improving  information  sam¬ 
pling,  reducing  processing  complex¬ 
ity,  making  information  conform  to 
human  memory  characteristics,  sched¬ 
uling  to  avoid  overload,  and  adaptive 
computer-aiding  procedures. 

Throughout  the  monograph,  sug¬ 
gestions  are  made  for  research  yet 
needed  to  extend  the  existing  literature 
and  to  develop  theory  and  application 
of  human  cognitive  processing  in  sup¬ 
port  of  the  management  of  complex, 
multi-task  situations.  • 

Yvette  J.  Tenney,  Ph.D.,  is  a  Scientist  in  the 
Systems  &  Technologies  Division  of  Bolt 
Beranek  and  Newman,  Cambridge,  MA. 
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CSEBIAC 
PRODUCTS  AND 
SERVICES 

CSERIAC's  objective  is  to  acquire, 
analyze,  and  disseminate  timely  infor¬ 
mation  on  crew  system  ergonomics 
(CSE).  The  domain  of  CSE  includes 
scientific  and  technical  knowledge  and 
data  concerning  human  characteris¬ 
tics,  abilities,  limitations,  physiological 
needs,  performance,  body  dimensions, 
biomechanical  dynamics,  strength,  and 
tolerances.  It  also  encompasses  engi¬ 
neering  and  design  data  concerning 
equipment  intended  to  be  used,  oper¬ 
ated,  or  controlled  by  crew  members. 

CSERIAC's  principal  products  and 
services  include: 

•  technical  advice  and  assistance; 


•  customized  responses  to  biblio¬ 
graphic  inquiries; 

•  written  reviews  and  analyses  in 
the  form  of  state-of-the-art  reports  and 
technology  assessments; 

•  reference  resources  such  as  hand¬ 
books  and  data  books. 

Within  its  established  scope,  CSERIAC 
also: 

•  organizes  and  conducts  work¬ 
shops,  conferences,  symposia,  and 
short  courses; 

•  manages  the  transfer  of  techno¬ 
logical  products  between  developers 
and  users; 

•  performs  special  studies  or  tasks 
for  government  agencies. 

Services  are  provided  on  a  cost- 
recovery  basis.  An  initial  inquiry  to 
determine  available  data  can  be  ac¬ 
commodated  at  no  charge.  Special 
tasks  require  approval  by  the  Program 
Manager. 


To  obtain  further  information  or  re¬ 
quest  services,  contact: 

CSERIAC  Program  Office 
AL/CFH/CSERIAC 

Wright-Patterson  AFB,  OH  45433-6573 

Telephone . (513)  255-4842 

DSN . 785-4842 

Facsimile . (513)  255-4823 

Associate  Director:  Dr.  Lawrence  D. 
Howell;  Contracting  Officer’s  Techni¬ 
cal  Representative:  Dr.  Reuben  L.  Hann; 
DoD  Technical  Director:  Dr.  Kenneth 
R.  Boff. 
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